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Abstract. the paper presents selected results of analyses of the properties of post-mining land of the former lignite mine "Przyjaźń narodów " in the region of Łęknica in the Lubusz Voivodeship. the land formed in that area had very unfavourable properties: its granulometric composition (light clay sand) was susceptible to water erosion, the reaction of the formations was highly acid, the contents of total organic carbon and total nitrogen were varied and highest on the surface level of the profiles. the C kh :C kf ratios increased as the sampling depth increased.
the development of opencast mining in the region of Łęknica (the Lubusz Voivodeship) has resulted in geomorphological changes. the post-mining land of the post-mining areas of the former lignite mine "Przyjaźń narodów " , which started operating at the beginning of the 1970s, was subjected to reclamation processes. Reclamation in that area consisted of the following actions [7] : (a) land levelling with bulldozers; (b) soil deacidification with magnesium lime in the zink Mill "Miasteczko Śląskie" in a dose of 50 Mg ha -1 ; (c) mineral fertilisation: phosphorus powder in a dose of 5 Mg ha -1 , nitro-chalk in a dose of 200 kg ha -1 , ammonium phosphate in a dose of 200 kg ha -1 and potash salt in a dose of 400 kg ha -1 ; and (d) forestation of the area with Scots pines. Accumulation of organic matter is very important for restoring fertility in post-mining soils and improving their physical, chemical and biological properties [4] . Organic matter in soils undergoes complicated processes which often depend on oxygen-environmental conditions, and produce as a result a number of mineralization products. During the process of humification, humic substances are produced, various fractions of which differ in terms of their immunity to decomposition, time of existence in the environment, and at the same time they determine soil properties [6] . those processes occur with the participation of microorganisms. Microorganisms in soils are both decomposers participating in the decomposition of organic matter produced by autotrophic organisms and organisms responsible for soil formation processes [1] .
MAtERIALS AnD MEthODS
In 1986 a field experiment was performed in the area under research, near the village of nowe Czaple, the Administrative Commune of Łęknica. In that area there were plantations of 6-year-old Scots pines ( Pinus sylvestris L.). Plots measuring the dimensions of 35 x 8m were set up in them and different variants of mineral fertilisation were applied according to the scheme: Mineral fertilisers were used in spring in the years 1987, 1988 and 1989 as follows:
-n -ammonium nitrate, -P 2 O 5 -powdered single superphosphate -K 2 O -potash salt 50%. In the autumn of 2010 the upper layer of soil was removed and soil samples were taken for the purpose of laboratory tests. While taking the samples, attention was paid to take them from different depths. the following parameters were found in the profiles: a surface layer of forest litter -O to the depth of about 0-3 cm, a humus surface layer -A at the depth of about 3-8 cm and the bedrock level -C deeper than 8 cm without noticeable variation.
the samples of soil material were analysed by means of the methods described by Mock et al. [8] :
-ph w h 2 O and 1M KCl potentiometrically -hydrolytic acidity -(hh) and the sum of total exchangeable bases (tEB) by means of the Kappen method -sorption capacity (CEC) and base saturation (BS) -total nitrogen (n t ) by means of the Kjeldahl method -total organic carbon (tOC) by means of the tiurin method next the samples were subjected to extraction by means of the Schnitzer method [2] , applying distilled water and sodium hydroxide without preliminary decalcination. the content of total organic carbon and the content of extracted carbon, i.e. humic acid carbon (C kh) and fulvic acid carbon (C kf ) were determined by means of the tOC V CSh/CSn analyser made by Shimadzu Company, along with the thermic method (Pn-En 1484 September 1999).
All analyses were repeated three times. the results were subjected to the statistical analysis by means of the Statistica 10a software.
RESULtS AnD DISCUSSIOn the dumping grounds of the former lignite mine in Łęknica mainly consist of phytotoxic acid Miocene sands with a different content of lignite chips. Apart from excessive acidity ph (in 1M KCl often above 3.5), an unfavourable feature of those formations arises from negative physical properties (excessive firmness and the tendency to cementation). those are soils with a composite structure, unfavourable water and air characteristics, extremely poor in mineral components and with low biological activity [8, 9] . their susceptibility to water erosion is a considerable obstacle to reclamation of those formations [4] . the sorption characteristics of the post-mining formations under research were strongly varied (table 2). In samples taken from profiles 1,2 and 3 they were considerably higher than in soil samples from plots 5 and 6. the hh values found on forest litter levels highly exceeded the values in samples from deeper levels. the reason for this was probably the acidifying influence of decomposing forest litter -pine needles.
the sorption capacity CEC of samples from forest litter levels -O and from the surface level -A clearly exceeded the values found at deeper levels of all profiles, where they were very low. the reason for this was probably the strong acidification of post-mining formations.
the saturation of the sorption complex with bases BS was very low and fluctuated between 7.7 and 42.7 %. the authors Krzaklewski et al. [10] obtained similar results while researching post-mining formations of the former mine "Przyjaźń narodów" in other locations.
the reaction of the post-mining formations under research was acid, and their ph values measured in terms of h 2 O were within the range of 6.3 to 3.2, and ph in terms of KCl -from 5.4 to 3.0 (table 3). Soil ph values had the tendency to decrease as the sampling depth increased.
the formations under research contained pyrite and marcasite -minerals which after oxidation cause acidification in soils [7, 10] . the use of lime for reclamation purposes in a dose of 50 Mg ha -1 as a neutraliser caused significant changes in the soil ph value during the initial years. In certain plots ph in terms of h 2 O reached the values 7,8 [8] . With time ph values decreased and reached the level found during this research. It may be supposed that in the following years values will further decrease. the reason for this is the leaching of lime from soil masses by water and the acidifying influence of the above mentioned minerals containing sulphur.
After 24 years of reclamation, the content of organic carbon was within the range of 436.9 to 1.5 g kg -1 . the content of organic carbon in the analysed samples decreased as the sampling depth increased. the highest content of organic carbon was found at the level O of forest litter. the sources of this component in the formations under research were dust admixtures, large lignite chips and dead parts of plants growing in the area of the dump [8] . the relationship similar to changes in organic C was found in the case of total nitrogen (table 3) . A very important relationship was found between the content of total nitrogen and the content of organic C -r 2 = 0.93 (Fig.1 ). An important factor determining a number of processes occurring in soils is the C:n ratio. the lower it is the higher biological activity in soil. In the formation under research values of this ratio varied and fluctuated within the range of 1.5-13.0 (table 3) .
During the formation of soil structure the main part is played by humic compounds. the humification process consists of a (decomposition or synthe-sis) reaction during the formation of humic substances [3] . humic substances (hS) constitute the main part of carbon compounds. UV radiation causes partial degradation of hs particles, which changes their structure and speeds up their mineralization. humic substances may modify physiological processes occurring in higher plants. Metabolic changes in organic matter are very complicated and they are strongest in the surface layer of soil, the so called topsoil. Microorganisms and microfauna are responsible for those processes [1, 5] . the time needed for organic compounds to change into organic matter -humus -depends among other factors on climatic conditions [5] . During the long-term experiment carried out in the area of the former lignite mine near Łęknica it was found that the C kh :C kf ratio characterising the level of decomposition of organic matter considerably exceeded the value 1.0 and increased as the sampling depth increased (table 3). In the profiles under 5. the ratio between humic acid carbon and fulvic acid carbon (C kh :C kf ) was greater than 1.0 and increased as the depth increased, which means that the organic mass in the formation under research is strongly humified.
6. It was found that mineral fertilisation variants used in the experiment over the period of 20 years had not had a significant influence on the characteristics under research.
